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A Philosophy for Computer Science 
MY Prejudices and Confusions 
R. W. Hamming 
Bell Laboratories, 
Murray Hill, New Jersey 07974 
There are various ways of designing a curriculum for 
Computer Science. One way is to gather toget~er professors 
and curricula, try to find points of common agreement, then 
compromise away the differences. A second method is to de-
cide what you want to do, rather than how to do it; try to 
find an underlying philosophy for Computer Science that most 
people can agree upon, and identify carefully where 
disagreement arises. Sometimes so much effort goes into the 
philosophy that nothing definite ever comes out, · but in the 
present situation it is worth a try. Probably a blend of the 
two methods is best. 
Once you have a philosophy for Computer Science then 
you have a far better chance of creating a satisfactory cur-
riculum, since then you are in a reasonable position to 
recognize good ones and reject poor ones. 
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The following is a list of my beliefs, in the order of 
their importance in my mind, along with arguments as to why 
and explanations of what is meant. 
1- The curriculum should be cumulative. The traditional 
example of a cumulative curriculum is mathematics where for 
all intents and purposes there is a single path from kinder-
garten through calculus. Other fields in the "hard" sci-
ences also show this tendency to be cumulative. The obvious 
value is that then and only then there is depth. When the 
many course offerings can be taken in almost any order there 
is obviously volume and shallowness. The extreme of single 
track is generally modified so that it resembles a "tree" 
with a main trunk and a number of terminating branches. 
The main reason I favor the cumulative curriculum is 
that, as most math students especially the calculus stu-
dents, realize, you learn a course thoroughly while you are 
taking the next one and daily use the earlier material. 
Thus the goal I have in mind is that the cumulative course 
structure be not only in the prerequisites but that the cur-
riculum also be so tightly organized that what is learned in 
earlier courses is deliberately used and reinforced in as 
many later courses as possible. Almost the only way to 
achieve this is to require that professors regularly take 
their turn at teaching all the courses in the undergraduate 
curriculum, so that they will know what is being taught and 
are indeed masters of the material that they are supposed to 
be reinforcing. 
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The main fault with this proposal is that currently at 
most institutions most of the faculty cannot teach most of 
the courses. The second fault is that this makes for in-
flexibility (as one sees in math, physics, chemistry). In 
particular it is then hard to blend the curricula of the 
junior and the senior colleges together. 
z. The curriculum should emphasize measurement. I have a 
motto in my office which says: 
WITHOUT MEASUREMENT IT IS DIFFICULT TO HAVE A SCIENCE. 
If we are to have a science we must develop more measurement 
of relevant things. Definitions and theorems are necessary, 
and the mathematical approach tends to emphasize them, but 
science is based on careful, accurate measurement of 
relevant variables. I would have more than mere measure-
ment. I would include evaluation, since measurement plus 
evaluation comes near to judgment which is the ultimate 
goal. The student should have the ability to chose wisely 
among many possibilities in a practical situation. It is 
not enough to be able to solve a problem, it is necessary to 
solve the appropriate problem in a suitable way, to be able 
to present the results convincingly, and finally to be able 
to defend the choice. 
3. The curriculum should be based heavily on probability 
and statistics. The importance of the problem of measure-
ment in Computer Science means that statistics is involved. 
The design of software and hardware systems means that many 
probability situations arise in which we want the system to 
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behave reasonably well when it is given a statistically de-
fined load. Since the systems we work with are complex, 
that means that serious probability problems arise which 
must be approximately solved (possibly in closed form) for 
given statistical inputs. Thus in both the undergraduate 
and the graduate curricula I would have probability and 
statistics courses. 
I happen to believe that these lead into a combinatori-
al course which emphasizes statistical properties of the 
solution, and not just the solution in closed form. It 
seems to me that most of the problems that we will face in 
combinatorial work will not be solvable in closed form un-
less the model is highly idealized, and that what is wanted 
in any case is the statistics of the solution. There is 
reasonable evidence that there can be such a field, and that 
those who try to teach such courses will find that they are 
also led to publishable results. They will be in on the 
development of a new field that is ripe for exploitation. 
!. Computer science should be based on the representation 
of information and the representation of processes. It 
seems to me that these two topics are so basic to Computer 
Science that they should be emphasized by being taught as 
separate courses, though, of course, they are interrelated. 
If one can represent a given problem, both the information 
and the processes (in a compatible form), then solving it is 
an engineering detail as to the machine efficiency. The two 
topics are thus fundamental to the field as a science. It 
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is the practical efficiency that gives Computer Science its 
additional engineering flavor, and one that should not be 
overlooked or played down. There is a great deal of 
knowledge that is extremely useful concerning the form of 
representation of information. Not only error detecting and 
correcting codes, but minimum redundancy codes, hash coding 
(which takes out some of the redundancy of the original 
representation), self-synchronizing codes, and many other 
data structure topics to fill the course. Under the topic 
of the representation of processes there is the efficiency 
of algorithms, the measurement of the processes used. This 
is rapidly becoming a well developed subject. All subse-
quent courses should automatically require the evaluation of 
both representations whenever they occur. 
5.. Modelling. "Modelling" is the currently popular word 
for the process of forming scientific hypotheses. In 
mathematics the modelling occurs mainly in the choice of the 
postulates and definitions, in physics there is a strong 
tendency toward the postulational approach, in many areas 
the model is essentially stochastic, and in most new areas 
of science the models are at best rather crude. We need to 
teach all such types of models as essential steps in the 
scientific approach, especially the arts of both approximate 
and stochastic modelling. 
Q. The curriculum should cover both theory and practice. 
We cannot neglect either. The student must be adequately 
prepared for the world of the year 2000. Thus he needs to 
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be given a lot of theory. But at the same time he needs to 
get his first job, and therefore to know what current prac-
tice is. I conclude that we must teach both, starting more 
theoretically and ending more practically. This belief runs 
into the nasty problem of blending the senior college curri-
culum with that of the junior college (which naturally tends 
to teach a lot of practice). Cobol and Fortran seem to be 
the natural languages to teach. It seems foolish to me to 
teach Esperanto to students just because it is supposed to 
have certain, not well-measured, properties. 
L• Junior and senior level courses are preferable to 
beginning level courses. Usually there is a fixed number of 
hours that can be devoted to the major field. It is evident 
(to me) that in the same number of contact hours more can be 
taught to a senior than to a freshman, so that it is best to 
begin serious work in Computer Science in the junior year. 
(This runs into the problem of what the junior colleges can 
do.) The first two years can be devoted to getting a general 
education, including at least the calculus and some physical 
science (or engineering). There are some people (the author 
included) who believe that Computer Science should be a gra-
duate subject and not undergraduate. However we have under-
graduate programs going now and they are not easily stopped 
or changed. 
~- Service and come-Q!1 courses. There is the simple matter 
of service courses to the rest of the University. I suggest 
that a beginning course (or courses), using the university 
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computer facilities with Fortran and/or Cobol is an essen-
tial service to the University. There is also a need, since 
I have recommended a delay in starting to teach Computer 
Science, to attract students to the field. Thus I suggest a 
"come-on" course, Computers and Society (or some similar ti-
tle), to attract students to the computer field. It should 
be taught by some of the best, most attractive teachers in 
the department, and not delegated to graduate students and 
young instructors as a chore. It is the course that adver-
tises the department and attracts students who are wondering 
what their main interests are. It should be, and have the 
flavor of, Computer Science not Social Science. 
~- We wish to avoid producing idiot savants. All too often 
the Computer Science department turns out people who know 
all about the tool except when and how to use it. Since we 
want to develop socially useful people, we need to take 
some precautions to ensure that the student has some ideas 
about the use of the computer. Thus I strongly suggest that 
a minor in some field of application, other than mathemat-
ics, in which the computer can make definite contributions 
to that field and not just cute applications as viewed from 
Computer Science. Some Humanities training is essential -
especially good writing! 
Given these prejudices, how does one design a curricu-
lum? Each in his own way! Each campus has some local con-
ditions to meet that seem not to apply on other campuses. 
Nevertheless, some general trends of curriculum design can 
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cover many campusese 
Still, I believe the above nine criteria can be applied 
to each curriculum that is proposed, especially the test of 
"cumulative", and the tests will suggest weaknesses and 
changes to be considered next round of curriculum designe 
For example, any material in an early course that is not 
reinforced in later courses is automatically suspect as be-
ing unnecessarye 
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